The Tucunduba Dam is about 290 km West of Fortaleza, in Ceará state. The seismic monitoring of the area, with a local network, began on June 11, 1997, soon after the occurrence of an event with magnitude 3.2m b on June 09, 1997. The monitoring was done with one analog station (used for magnitude measurement and statistical control of the activity) and seven digital stations. The digital three-component stations were operated from June to November 1997. In this work, the data collected during digital monitoring was analyzed to determine hypocenters and focal mechanism. To determine the hypocenters, we used a half-space model, whose parameters were 5.95 km/s, for P-wave velocities, and 1.69 for the ratio between P and S-wave velocities. The active zone was nearly 1 km long, with depth between 4.5 and 5.2 km. With 16 events recorded in the same six stations, we determined the direction of the fault plane (NE-SW). The fault mechanism is strike-slip with a small normal component. The dip was estimated to be 65 • SE using composite focal mechanisms and 80 • SE from the P/S amplitudes ratios. Preliminary estimates of maximum horizontal compressive stress, from the P-axis direction, were in agreement with Ferreira et al. (1998). The small difference is probably due to influence of the sedimentary basin on the regional stress. The active area is in accordance with seismicity described by Assumpção (1998).
INTRODUCTION
The Northwest of Ceará is an area of seismic activity known since the XIX century (Ferreira & Assumpção, 1983; Berrocal et al., 1984; Ferreira et al., 1998) . On June 09, 1997, an event with magnitude 3.2 m b (Intensity III-IV MM) occurred in the district of Serrota, Senador Sá-CE, scaring the local population. The growth of the seismic activity in Serrota, especially in the Tucunduba Reservoir, led the Universidade Federal do Rio Grande do Norte (UFRN) to study the seismic activity, in order to determine the hypocenter and displacement mechanism with high precision and to try to understand the local seismicity.
For this study, an analog station and a digital network with seven stations were installed (Figure 1) . The analog station operated from June 11, 1997 to August 14, 1998 and the digital network from June 18 to November 05, 1997. The analog station was used in the statistics of the earthquakes as well as to obtain the magnitude from the duration (m D = 1.64 log D − 0.97), using the same parameters as Blum & Assumpção (1990) , since the analog station operated in the same conditions.
LOCAL GEOLOGY
The seismic area is part of the Borborema province which is divided in to five tectonic domains (Brito Neves et al., 2000) . The Northwest of Ceará is formed by two of these domains; the Medium Coreaú Domain (MCO) and the Ceará Central Domain (CC) (Figure 2a ).
The CC domain consists of gneissic basement formed during the Transamazonian collage and contains a series of middle Neoproterozoic supracrustal sequences or remanent of folds belts and expressive Brasiliano plutonism.
The dam is located at the boundary of the MCO domain, more precisily on the Tucunduba horst ( Figure 2b ). The MCO domain is bounded by the cenozoic sedimentary cover, CC domain and Parnaíba basin. The domain is characterized by a series of grabens and horsts lying along SW-NE (Torquato & Nogueira Neto, 1996) whose boundary faults in the same direction (Transbrasiliano Lineament or Sobral-Pedro II Shear zone) and consists of basement high-grade methamorphic rocks and pelitic-carbonate (2.5 Ga) fold belts( Figure 2b ). Figure 1 shows two faults that cross the dam, those faults were mapped by DNPM (1971) .
SEISMIC ACTIVITY
The seismic activity in the Northwest of Ceará is known since last century (Ferreira & Assumpção, 1983) , as shown in Table 1 . After two events with magnitude 3.9 and 4.1 m b in Groaíras in 1988, the Universidade Federal do Rio Grande do Norte installed a network of stations in order to study the activity of Groaíras. This network also allowed the study of other close areas that consequently had been also studied (Ferreira et al. 1998) . Table 1 and Figure 2 show the main events that occurred in the Northwest of the Ceará.
A large event in the Tucunduba Dam, with magnitude 3.2m b , occurred on June 9, 1997 and was felt mainly in Serrota, a small village in Senador Sá, by the margins of the dam (Figure ) , where roofs and windows were shaken, school materials fell off desks and, the inhabitants were frigtened (França, 1999) . Subsequently, on June 11, 1997, an analog seismograph station, using an MEQ-800 with smoked paper recorder (SN1A), was installed. A local network with seven digital short period portable stations were also installed, on June 18, 1997. Except for station SN03, all the stations were installed in granitic/gneissic bedrocks of the crystalline basement, allowing low noise and clear P and S wave arrivals. The digital station clocks were corrected every hour using GPS and P-wave readings had an accuracy to ±0.001s.
Station SN1A operated from June 11, 1997 to August 14, 1998, recording a total of 2217 events (Figure 3 ), and the largest magnitude was m b = 3.0 on December 12, 1997.
Determination of Hypocenters
Hypocenters were determined using the program HYPO71 (Lee & Lahr, 1975) . Half-space velocity models have produced results with considerable accuracy when applied to several areas of Brazilian Northeast (Ferreira et al., 1987; 1998; Takeya et al., 1989; Nascimento, 1997) . This half-space model was adopted, since the seismic area is in the precambrian basement composed of consolidated rocks and low attenuation, generating clear P and S waves arrivals in the seismographs (Figure 4 ).
Various tests were made to find the best P velocity (v P ) and (v P /v S ) ratio. We varied the P wave velocity between 5.4 and 6.45 km/s and the v P /v S ratio between 1.60 and 1.74. The velocity model with the lowest root mean square (rms) time residual had v P /v S = 1.69 and v P = 5.95 km/s. The value for v P is acceptable, since in different parts of the world, v P in granitic/gneissic upper crustal rocks varies from 5.8 to 6.4 km/s (Christensen, 1982; Christensen & Mooney, 1995) . For this model, all 160 selected events (recorded by at the least four stations) had an rms residual less than 0.03 sec and horizontal errors less than 0.5 km and are shown in Fig. 1 . Most of the events have rms ≤ 0.01 s, erh ≤ 0.1 km and erz ≤ 0.1 km. These values are low because of choice of deployment site (mainly bedrock), near the epicentral area and a high sampling rate (500 samples per second). As can be seen, all events occurred inside the lake, in a zone about 1 km long with depths between 4.5 and 5.2 km, approximately an cluster with probable direction E-W. The Tucunduba dam, constructed in 1919 1 , has the maximum height of 17.6 m and a depth of 10 m. According to Baecher and Keeney (1982) , the probability of induced seismic activity at this hight is very low, less than 10%. Moreover, there is no information about the change in the water level before or the seismic activity during and after impoundment. Thus, the induced seismicity was ruled out.
FAULT PLANE
To estimate the fault plane, we used the 16 best-located events recorded at the same six stations (Table 2, Figure 5 ). The hypocenters were distributed along a 0.3 km length, with depth varying from 4.68 to 4.87 km ( Figure 6 ).
Using these data, we determined, using least squares, the di-rection and the dip of the fault plane. The azimuth was 60 • ± 10 • and the dip 88 • ± 11 • . Projections of the hypocenters parallel and perpendicular to the fault plane are shown in the Figure 6 . The vertical and horizontal maximum errors observed for this set of data were 0.1 km, while the range of the active zone was of 0.3 km and the variation in depth was of 0.2 km. In these conditions, the hypocentral distribution can provide only a rough estimate of the fault plane orientation.
FOCAL MECHANISMS
Composite focal mechanisms were determined using clear P wave first motions with aid of the FPFIT program (Reasenberg & Oppenheimer, 1985) . The FPFIT program does a grid search to find the solution that minimizes a weighted sum of discrepancies in the polarities, considering both the estimated variance of the data and the theoretical P wave radiation amplitude (Reasenberg & , 1985) . In order to improve our estimates, we used the information contained in the amplitude ratios of P and S waves (SV/SH, SV/P and SH/P ratios) to restrain the number of possible nodal-plane solutions (e.g. Kisslinger 1980; Kisslinger et al. 1982 ). This estimate is for individual events where we used the code focmec, developed by Snoke et al. (1984) .
Oppenheimer
Firstly, with the 16 events (Table 2 ) and we used the best fit plane previous section as a reference in determining the composite focal mechanism solution (60 • ), withing the range ±30 • . In this case of event 1 (Table 1) we included a positive P reading from a short period station in Sobral-CE, 85 km from the epicenter. The resulting composite focal mechanism, using FPFIT, is shown in Figure 8 . The solution of the focal mechanism is approximately a NE-SW fault, with strike-slip dextral movement with normal component. The fault plane was chosen by taking into account the hypocentral distribution ( Figure 5 ). The composite focal mechanism solution is a strike-slip type, which is predominant in the northeast of Brazil (Assumpção et al., 1985; Ferreira et al., 1995; 1998) . The direction of the P axis (278 • ), obtained using FPFIT, differs by 6 • from the maximum horizontal compressive stress (S H max ), obtained by Ferreira et al. (1998) in the NE Ceará region.
Secondly, for individual focal mechanism, we used selected six events from Table 2 (Table 4) , using as our selection criterion the largest number of clear polarities of the S wave. The results obtained through FOCMEC are in Table 4 , limiting the range of orientation (between 60 • and 90 • ) and dip (between 0 • and 30 • ) of the B (null axis), A and N (corresponding to Herrmann's X and Y axes) axes, with a step of 2 • . The solutions that satisfy the polarity data and that fit the amplitude ratios within a given maximum residual in terms of log (amplitude ratio). The results showed a strike-slip mechanism. The average strike for all events was 65 • ± 19 • . The average dip was 80 • ± 9 • . These average values were close the values obtained by fitting of the fault plane by least squares and composite focal mechanisms (FPFIT).
To estimate S H max using the individual focal mechanism, we averaged of the P-axes directions, since all events are strike-slip. The obtained value was 265 • , near the values obtained by FPFIT (278 • ) for the direction of the P axis it differ by about 20 • from the value of S H max for northwestest Ceará (293 • ) obtained by Ferreira et al. (1998) .
DISCUSSION
A network composed of seven portable digital stations, almost all installed in granitic/gneissic bedrocks of the crystalline basement, was used to monitor the seismic activity in the Tucunduba Dam. It was possible to obtain records of good quality, with clear P and S waves. In addition, the network configuration used two stations that were installed close to the epicentral area. Thus, it was possible to determine the hypocenters with high accuracy.
The active zone was small, less than 1 km long with a depth varying from 4.5 to 5.2 km, considering all events analyzed. It was Table 3 -Result of the composite focal mechanism using FPFIT program (Reasemberg & Oppenheimer, 1985) .
Tabela 3 -Resultado do mecanismo focal composto usando o programa FPFIT (Reasemberg & Oppenheimer,1985) .
Azimuth
Dip Rake P-Az/plunge T-Az/plunge
A set of 16 events recorded by the same six stations was selected to define a fault plane, yielding values of 60 • for the azimuth and 88 • for the dip.
The focal mechanism solution shows a dextral NE-SW strikeslip fault with normal component. This solution is consistent with a succession of horsts and grabens in the MCO domain (direction NE-SW), with the same direction as the main faults in the northwest of Ceará. The fault plane was chosen by taking into account the hypocentral distribution ( Figure 6 ). The direction of the P axes (278 • ), obtained by composite focal mechanism, differs by 15 • from the direction of the horizontal maximum stress (S H max ), obtained by Ferreira et al. (1998) . In the determination of individual focal mechanisms, there are three or four stations with the same polarities, which may indicate that mechanisms do not change much. Thus the strike-slip mechanism is fully in accord with previous results. The average direction of the individual planes are 65 • for the azimuth and 80 • for the dip, which are close to the values obtained by the composite mechanism and least squares plane fitting. As the direction of horizontal maximum stress (S H max ) was 265 • , it differs 1 • from the best estimated by Ferreira et al. (1998) .
The seismic activity is located in the border of the basin, a common characteristic of the seismicity of the Northeast (Assumpção, 1998; Ferreira et al., 1998) . The estimated focal mechanism (strike-slip type) is the most common in the Northeast of Table 4 -Results of focal mechanism -FOCMEC. All solutions show strike-slip mechanism with focal mechanism event numbers corresponde to Brazil (Assumpção et al., 1985; Ferreira et al., 1995; 1998) . The S H max estimated has a small difference. Probably, that difference is because Ferreira et al., (1998) used events to the South of the active area and that the line of the coast suffers more flexural effect than area to the South.
The events at Senador Sá are consistent with the stress regime determined by Ferreira et al. (1998) in NW Ceará (EW compression, NS extension) and can be used to extend the stress province towards the coastline. (Table 1) . Lower hemisphere, equal-area projections. Black and white quadrants Circles denote compressive and extensive first motions, respectively. Others mechanisms from Ferreira et al. (1998) . 
